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Background: Iron deficiency anemia and feeding difficulties (FD) are common issues in childhood, reinforcing the
concern about the risk of micronutrient deficiencies. FD do not necessarily reflect nutritional deficiencies, since they
may or may not relate to specific nutrient sources. The objective of the study is to describe the prevalence of iron
depletion and iron deficiency anemia in children with FD and to seek associations with diagnosis and its markers.
Methods: This is a cross-sectional study with 68 patients (convenience sample). The following data were assessed
through medical records: age (months), gender, exclusive breastfeeding duration (months), birth weight (kg), iron
supplementation, hemoglobin (Hb), ferritin, and C-reactive protein (CRP) levels, repertory of foods consumed (food
inventory and 3-day food record analysis), and diagnosis of FD. Data were classified according to references for age
and were analyzed using correlation tests, Student’s t test, ANOVA and chi-square test, or its nonparametric
equivalents. A significance level of 5% was considered.
Results: Iron depletion and anemia were identified in 10.1 and 6% of children, respectively. Picky eating was
diagnosed in 35.3%. Food repertory consisted on average of 21 foods, with null correlation to Hb and ferritin. The
average fortified milk intake was 517 ml/day, with null correlation to Hb. There was no effect of diagnosis of FD on
Hb (p = 0.18) or ferritin (p = 0.52). The same was verified in the children without supplementation, to both Hb (p = 0.
54) and ferritin (p = 0.08).
Conclusions: No evidence of association between diagnosis of FD or repertory of foods to anemia or iron
depletion was found, which could be a reassuring factor for caregivers. Reproduction in large scale as well as
inclusion of dietary intake variables is suggested for further research.
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Iron deficiency and iron deficiency anemia are consid-
ered the most common nutritional disorders around the
world [1, 2]. Data from WHO [3] on the global preva-
lence of anemia states that around 24.8% of the popula-
tion is anemic. In preschool-age children, anemia
prevalence is 47.4% and in pregnancy, around 41.8%.
Other studies estimate that up to 43% of the children* Correspondence: rhvmachado@gmail.com
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affected in the world [4]. In Brazil, official data from
2014 describe the prevalence of anemia in children
under 5 years of age of 20.9% and global prevalence
above 40% [1]. Other national studies suggest a global
prevalence between 45 and 50% [5]. Repercussions on
growth and development are associated with high mor-
bidity and mortality in children under 2 years old [4, 5].
Among prevention measures, nutritional education to-
wards proper eating habits is the priority. However,
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preventive supplementation as well as enriching foods
with iron [5].
Biologically, there are three phases of iron deficiency.
The first phase—iron depletion—takes place when the
dietary offer of iron is inadequate, with reduction of its
deposits (characterized by reduced serum ferritin, with-
out functional alterations). If this negative balance per-
sists, there comes the second phase—the iron deficient
erythropoiesis—characterized by decrease in serum
iron, low saturation of transferrin, and elevation of free
erythrocyte protoporphyrin (possibly with the diminishing
of labor capacity and the appearance of cognitive alter-
ations). In the third and final phase—anemia—hemo-
globin goes down to a level below standards and is
characterized by the appearance of microcytosis and
hypochromia [6]. Iron depletion is substantially more
prevalent than anemia itself. It is estimated that for
each person with anemia, there is at least one other
person with iron deficiency [1, 4]. Hence, in a popula-
tion like the one in Brazil, both iron stocks and anemia
are relevant topics for concern.
Parallel to anemia, feeding difficulties (FD), a group of
several eating complaints common during early childhood
[7, 8], affect approximately 25% of healthy children and up
to 80% of children with gastrointestinal and developmen-
tal issues [9, 10]. According to Kerzner et al. [7], FD can
be divided into groups of similar behaviors, such as:
 “Children with limited appetite”: ranges from
children who eat appropriately but appear to eat
too little (misperception), to those with overt
organic disease that impact on appetite.
 “Agitated children”: children with limited appetite
or food refusal, generally caused by lack of interest
in food, and more on environmental stimuli.
 Phobia: characterized by great resistance to feeding
(such as screaming, intense crying, back arching,
tachycardia, cold sweating, and fussiness), including
feeding equipment, and severe food refusal. In
general, children who have been put through
invasive procedures, such as intubation or tube
feeding, as well as accidents or severe choking may
present such behaviors.
 Misperception of caregivers: when caregivers believe
their children eat too little, when, in fact, they
achieve nutritional requirements.
 “Picky eating”: children who eat appropriately for
their stage of development, but present sensory-
related aversions, with partial or total refusal of
foods according to its texture, color, smell,
consistency, or taste.
 Organic causes: relevant conditions (structural,
gastrointestinal, cardiorespiratory, neural andmetabolic, food allergy, celiac disease, esophagitis,
gastroesophageal reflux, and others) that may impair
the process of feeding and appetite.
Inadequate eating habits during this cycle of life can
impact children’s current and future health conditions
negatively, causing even growth impairment or anemia
[11–14]. Additionally, there is still a striking prevalence
of nutritional problems in Brazil, mainly in pre-school
children, whose primary determinant factor is inad-
equate dietary habits [13]. Clinical perception of families’
concern and common sense is specifically that the child
with FD is necessarily at risk of micronutrient deficiency,
which worsens parents’ anxiety and attempts to correct
the behavior. The same happens to pediatricians, who
usually associate the child who does not eat with bio-
chemical deficiencies. Despite this risk, FD may not be
necessarily connected to anemias and other micronu-
trient disorders, since the child’s eating restrictions may
or may not be related to their main sources of food.
There is lack of population studies on this theme, es-
pecially in Brazil. Hence, the objective of this article is
to describe the prevalence of iron depletion and iron
deficiency anemia in children diagnosed with FD and to
investigate possible associations with the diagnosis and
other traits of FD.
Methods
Study design and sampling
The study has a cross-sectional design and was con-
ducted in the Center of Feeding Difficulties (CFD), an
outpatient private model service and investigation center
dedicated to the support of children and adolescents
between 0 and 19 years old with complaints of feeding
difficulties in general, part of the PENSI Institute—-
Sabará Children’s Hospital/José Luiz Egydio Setúbal
Foundation (São Paulo, Brazil). Sampling was planned
due to convenience, with the inclusion of all the patients
followed in service up to the moment of the gathering of
data, by the end of 2015 (n = 68). All patients have pre-
sented written consent forms signed by parents or
guardians (allowing use of information in medical
charts), as well as the approval of the CFD research pro-
ject by the PENSI Institute ethics and research
committee.
Data collection
Data was gathered through medical chart analysis, from
which the following variables were selected: age
(months), gender, duration of exclusive breastfeeding
(EB, in months), birth weight (kg), current iron supple-
mentation, levels of hemoglobin (Hb) and ferritin, bio-
marker of infection “C-reactive protein” (CRP), quantity
of foods the child usually accepts and total volume of
Table 1 General characteristics of children. PENSI Institute, 2016
% [n] or mean ± sd
(p25%; p75%)
Gender (n = 68)
Female 32.4% [n = 22]
Male 67.6% [n = 46]
Age (months) (n = 68) 45.4 ± 39.7 (p25% 18.8–p75% 57)
6 to 59 months of age (n = 52) 76.5% [n = 52]
5 to 11 years old (n = 13) 19.1% [n = 13]
12 to 14 years old (n = 2) 2.9% [n = 2]
>14 years old
Male (n = 1) 1.5% [n = 1]
Birth weight (n = 67)
Low birth weight (<2.5 kg) 16.4% [n = 11]
Normal (2.5–4 kg) 82.1% [n = 55]
High birth weight (>4 kg) 1.5% [n = 1]
Duration of exclusive breastfeeding
(months) (n = 61)
2.9 ± 2.8 (p25% 0–p75% 6)
Type pf FD (n = 68)
Agitated 4.4% [n = 3]
Limited appetite 19.1% [n = 13]
Phobia 4.4% [n = 3]
Misinterpretation of parents 19.1% [n = 13]
Obesity 5.9% [n = 4]
Organic causes 8.8% [n = 6]
Picky eating 35.3% [n = 24]
Others 2.9% [n = 2]
Food repertoire (n = 40) 20.93 ± 9.8 (p25% 13.2–p75% 26)
Milk intake (ml/day) (n = 64) 516.9 ± 257.8
(p25% 351.5–p75% 662.5)
Biochemical data
Iron supplementation (n = 63)
Yes 41.3% [n = 26]
No 58.7% [n = 37]
Hb levels (n = 50) 12.9 ± 1.05
(p25% 12.3–p75% 13.6)
6 to 59 months of age (n = 37) 12.9 ± 0.94
5 to 11 years old (n = 10) 12.7 ± 1.4
12 to 14 years old (n = 2) 13.4 ± 0.71
>14 years old (n = 1)
Male 14.9
Ferritin levels (n = 49) 43.7 ± 33.6
(p25% 20.7–p75% 61.5)
<5 years old (n = 36) 41.6 ± 33.4
>5 years old 49.7 ± 34.9
CRP levels (n = 43)
Normal levels 83.7% [n = 36]
Altered levels 16.3% [n = 7]
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through a food inventory and 3-day food record and
whose protocol is described elsewhere [15]—and the
multidisciplinary diagnosis of FD done by the team (pe-
diatricians and nutrologists, nutritionists, and speech
therapists), according to the criteria proposed by Ker-
zner et al. [7]. Levels of Hb and ferritin were classified
according to references for age [1]: children from 6 to
59 months of age (11 g/dl), children from 5 to 11 years
old (11.5 g/dl), children from 12 to 14 years old and
older female adolescents (12 g/dl), and males older than
14 years old (13 g/dl). Ferritin levels followed criteria of
12 mcg/l in children with less than 5 years of age and of
15 mcg/l in children with 5 years of age or older, regard-
less of gender. In the presence of infection, cutoff points
were considered as depletion when below 30 mcg/l [16].
To assess CRP levels, results were considered suggestive
of infection/inflammation when higher than 1.0 mg/dl,
according to WHO [17] recommendations.
Statistical analysis
After the evaluation of consistency of the data, statistical
analysis was conducted by the software SPSS v21. De-
scriptive analysis was conducted through distribution
frequencies (%) to category variables (gender, birth
weight, presence of iron supplementation, classification
of anemia and iron depletion, and diagnosis of FD) and
average and/or median ± standard deviation (sd) to con-
tinuous variables (age, duration of EB, levels of iron and
ferritin, and food repertoire).
The continuous variables were tested as to their nor-
mality and homogeneity, and Pearson or Spearman’s cor-
relation was conducted to test associations between milk
intake/food repertoire and biochemical levels. To
analyze the impact of FD diagnosis on levels of Hb and
ferritin, multivariate general linear model (GLM) and
chi-squared tests were used and comparison between
biochemical levels and their respective references for age
was conducted through Student’s t test or Wilcoxon
(one sample). Additionally, a sub-sample was created to
compare the profiles between p25 and p75, through
nonparametric test of Mann-Whitney. A 5% level of sig-
nificance was considered.
Results
The general characteristics of the sample are described
in Table 1. Children were mostly male (67.6%) and youn-
ger than 5 years old (76.5%), with a median of 33 months
of age (p25% 18.8 months; p75% 57 months). Low birth
weight (LBW) has been identified in approximately 16%
of children, and EB lasted for 2 months (median). The
most frequent FD diagnosis was picky eating (35.3%),
food repertoire usually accepted by children consisted
of—on average—21 foods, and daily milk intake reported
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children were not currently under any iron supple-
mentation. Hb levels were significantly higher than
references for age in children younger than 5 years old
(t = 12.4; dif. 1.92; 95% CI 1.60–2.23; p = 0.000) and
between 5 and 11 years of age (p = 0.017; Wilcoxon
test), but no differences were found in older children
(p = 0.18; Wilcoxon test). Around 10% of the sample
presented low levels of ferritin, and only 6% were con-
sidered anemic (Fig. 1). No correlation was found be-
tween milk intake and Hb (r Pearson = 0.014; p = 0.92).
Figure 2 compares FD diagnosis with Hb and ferritin
levels. The GLM multivariate test shows no significant
effect from FD diagnosis on the levels of Hb (F = 1.54;
p = 0.18; eta2 = 0.21) or ferritin (F = 0.89; p = 0.52; eta2
= 0.13). Similar results were found when children re-
ceiving iron supplementation were excluded from
tests, both to Hb (F = 0.81; p = 0.57; eta2 = 0.21) and
ferritin (F = 2.01; p = 0.12; eta2 = 0.40). Moreover, no
association between ferritin levels adjusted for PCR
levels and types of FD was found (p = 0.22). In Table 2,
the Mann-Whitney test shows no relation between Hb
levels and type of FD, even when extremities of the
samples (p25% and p75%) are compared. Correlations
between food repertoire and biochemical data (Table 3)
were considered null for Hb and weak for ferritin,
demonstrating lack of association between these
variables.
Discussion
Results found show low rates of anemia and iron deple-
tion in children with FD complaints, as well as no asso-
ciation between iron status and the type of FD
diagnosed or the repertoire of foods consumed, even
when controlled for the extreme quartiles or confusing
factors. These results suggest a healthy iron status pro-
file in the current sample.Fig. 1 Values of Hb and ferritin in children attended at CFD. PENSI InstituteIn Brazil, a review of regional studies in 2009 [2]
showed a high prevalence of iron deficiency anemia
(53%) in children below 5 years old from all social and
economic levels. When the prevalence of anemia in
these national studies [2] is analyzed according to age
older than 24 months old (similar to the present sam-
ple), the mean prevalence of anemia is 11%, diminishing
the comparison to results herein (6%). However, it is
highlighted that the difference is still 1.83 times bigger.
Vieira and Ferreira [18], in a systematic review of Brazilian
studies from different regions, showed that the prevalence
of anemia reduced according to children’s growth, with a
mean prevalence of 40% nationwide.
The frequency of anemia described in the present
sample resembles data compatible with developed coun-
tries, as described by Cairo et al. [19], which show a
prevalence between 4.3 and 20% in children from devel-
oped countries in general. Desalegn et al. [20] mention a
prevalence of anemia in the same group of children of
around 5.9%, and Batrouni et al. [21] have also found
significant difference of prevalence of anemia between
high and low social and economic levels (36 and 8%, re-
spectively) in a population of a total anemia prevalence
of 42%. A possible explanation for this resemblance
could be the characteristic social and economic level of
the sample, which would allow more access to informa-
tion, adequate supplementation of iron during the first
24 months of life, and acquisition of fortified foods. Des-
pite the fact that the present study did not evaluate the
social and economic level of the sample, the profile of
patients attended at the hospital and in the private out-
patient service is characterized essentially by social clas-
ses of a higher purchasing power.
According to the WHO report mentioned previously,
it is estimated that there is one case of iron depletion for
each case of anemia [2], similar results herein, that
shows a relation between low levels of ferritin and, 2016
Fig. 2 Mean values of Hb and ferritin according to FD types. PENSI Institute, 2016
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gether with ferritin levels were not found to evaluate the
nutritional state of iron, which makes comparisons more
difficult. Cairo et al. [19] emphasize that 95% of the
cases of iron deficiency anemia are related to a diet poor
in iron food sources, which makes the investigation of
stock levels extremely relevant to prevention strategies.
For Sirdah et al. [22], the non-association of serumTable 2 Hb and ferritin levels grouped by quartiles p25%–
p75%, according to FD. PENSI Institute, 2016
Feeding difficulties
Picky eating Other types of FD combined p
Hb levels g/dl
Hb p25% 11.73 ± 0.4 (n = 6) Hb 11.71 ± 0.6 (n = 6) 0.96*
Hb p75% 14.23 ± 0.6 (n = 3) Hb 14.40 ± 0.6 (n = 10) 0.69*
*Mann-Whitney testferritin in the researches about anemia in countries most
affected translates into an important limitation in the
real evaluation of this deficiency.
It is known that children with FD notoriously compen-
sate dietary restriction with milk [23] and that the use of
formulas and fortified dairy products in the prophylaxis
of anemia is effective with children who are 2 years old
or younger, if breastfeeding is impossible [6, 24]. Hence,
consumption of fortified dairy products may also have
played a role in the prevention of anemia and in the
maintenance of good stocks of iron in the current sam-
ple, despite the unexpressive relation between the con-
sumed volume (with an average of 517 ml/day) and
biochemical showed in the results.
As to FD diagnosis, other studies that associate types
of FD to the levels of iron in children are scarce, which
impair comparisons. Nevertheless, this lack of associ-
ation may be due to the specific repertoire of foods
Table 3 Correlations between Hb and ferritin (general
population and group without iron supplementation) and food
repertoire. PENSI Institute, 2016
Spearman (N) Food repertoire Food repertoire
—without
supplementation
Hb (g/dl) −0.122; p = 0.54
(n = 28)
Ferritin (mcg/l) 0.35; p = 0.08
(n = 26)
Food repertoire 1
Hb without supplem. (mg/dl) 0.025; p = 0.93
(n = 16)
Ferritin without supplem. (mg/dl) 0.19; p = 0.51
(n = 15)
Food repertoire—without supplem. 1
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since foods rejected may not necessarily be the ones that
are sources of iron. However, this variable was not avail-
able at the moment of data collection and could not be
analyzed. As well as the type of FD, the repertoire (quan-
tity) of foods consumed by the children probably does
not predict iron depletion or anemia either, according to
the present results. Studies that evaluate impact of picky
eating on daily intake of iron have not been found.
Therefore, it is possible that the restriction found (aver-
age of 21 foods) is sufficient for the adequate supply of
macro- and micronutrients for these children. As the
correlation between this variable and the Hb and ferritin
in the extreme quartiles of the sample were average (r =
0.50), it is suggested that the test is replicated in studies
with a wider sample and the inclusion of other dietary
variables (such as food types and groups) to provide a
deeper investigation. Nevertheless, the total repertoire of
ingested food by the child does not seem suggestive of
the risk of anemia.
The study has limitations, such as the restricted sam-
ple size (insufficient to prove hypothesis) and the ab-
sence of a control group and the limited frequency of
anemia and iron depletion found, which hampers com-
parisons, besides the variable of the dietary consump-
tion of sources of iron in the analysis, or the variable
“consumed food repertoire” stratified into food groups.
The fact that the sample consists of patients from high
socioeconomic level is also considered a limitation. Re-
sults, therefore, cannot be extrapolated to the overall
population. However, the fact that it is a study done ex-
clusively with children showing complaints of feeding
difficulties is considered a strong trait, which adds to
the discussion that the inadequate food intake is not al-
ways followed by biochemical alterations, and contrib-
utes to the scenario of scarce scientific published
evidences internationally.Conclusions
There is no evidence that the type of feeding difficulty
diagnosis or the repertoire of foods children consumed
are associated with anemia or iron depletion in the sam-
ple, even when controlled for the extreme quartiles of
the sample or for age, birth weight, duration of exclusive
breastfeeding, and iron supplementation. The low preva-
lence of anemia found was similar to data from devel-
oped countries and could be related to the higher social
and economic level of the studied population, as well as
to the intake of fortified dairy products characteristic of
the sample. These results could be a soothing factor for
caregivers during the child’s clinical follow-up for FD. A
reproduction of this study is suggested with representa-
tive samples, with the inclusion of variables of dietary
consumption of iron, for the confirmation of these
hypotheses.
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